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la..m^l«Jtetr'faf.aw?fgaac»la  SmSa' 


fiaSe  repsrl-  presssAa  csrvaa  of  ohoote&ZTO,  ezsaasioa  mvo  and  fearasdsiy 
2 aycr  data,  plotted  for  ttfie.  at  Mrxh  asobtro'wp  to  20.  Borstal  and  obliges 
Ejzookmre  papaaetorc,  conical  r&zak  par&ostere,  axpaesloa  wars  p*r«ast«rc# 

asrodjT^ssSo  coefficients  asd  ocapresribl*  lndawr  cad  tsrbslc&t  tertm&ary 
ley  or  @hUi  friotioa  fferanslae  art  gives  for  Xeeh  archers  tip  to  at  least'  20, 

’Em  ced  of  theca  etrrves  is  briefly  described  in  the  text* 


2*0  fcife9?g. 

C*>  -  wavs  di-ag  coeffioiest 
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guaJteaa 
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local  sHa  fristlea  csoffioieat  »  -5* 
.  e‘ 

fiMs  &-l©fcissa  eejffiolsnt  * 


(?;V  “  cereal  fbrsa  osefflaicat 
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Cf>  »  cceffioisct  ©f  specific  heat  et  constant  pressure  BTO/lb  ,®B 

Cu  «=-  'sji&l  fesa  cosffiolest  ■  &Sc2i-AE3S  ■ 
w.  ■  .  q8 


•  ecocleratics  &a  ta  gravity 

ft./seo.2 

Jt  -  haat  traaofer  cccfficisst 

VW/t 

/-/  -  total  preaewa 

Ibe./ft.2 

•  KsaJauaicsl  eqclvalect  of  heat 

ft.-lb./fcOT 

Jt  »  thess®!  -  ©oa&^iv&ty 

BTTf/ft.  hr.°R 

J?  —  wetted  l«sgth 

ft. 

JL f  —  effective  starting  Ica^th 

ft. 

-  Kaeh  saabs? 

A/  -  fasselt  » 

p  -  .etetio  prestsare 
pt  -  Praadtl  atuabse  “ 
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\AJ  -  at  tha  tell 
oO  -  local 

C  **  iHcoaprcssible  or  lecttioa  index 


©io  mod  for  a  ocnbined  collection  of  boalo  supersonic  aerodynaxic 
data  hag  long  boon  evident  to  Coxrmir  Aerodynaalolsts  working  with  high-  Velocity 
bodice.  Bio  existing  charts  end  tables  (Reference  1,  2,  3)  are  either 
Halted  in  sobs  phase  of  Mach  ember  and  flow  deflection  angle  or  the  date 
arc  not  presented  graphically  (Reference  4).  It  wee  believed  eleo  that 
ansa  convenient  reference  should  be  provided  for  the  skin  friction  end  heat 
transfer  fcmalee  associated  with  the  reference  teaperature  method  ex¬ 
plained  in  Reference  9.  This  report  fulfills  these  needs. 

m 

The  sections  following  will  deal  with  the  separate  types  of  curves 
presented. 


.  -  She  corves  in  this  section  are  separated  into  one,  two  and  three 
dissnaiOial  flow.  The  flow  parameters  presented,  all  versus  initial  Mach 
umber,  are  iJaoh  xmaber  after  the  chock,  static  pressure  ratio,  static 
temperature  ratio,  density  ratio,  velocity  ratio,  dynamic  pressure  ratio, 
Reynolds  auaber  ratio,  total  head  ratio  and  shockwave  angle.  All  ratios 
are  quantities  after  the  wave  divided  by  the  value  of  the  ease  quantity 
before  the  wave. 

, a  three  coefficients  are  given  for  both  unyawed  and  yawed  cones. 

Ctf)  and  C*.  are  given  for  cones  in  teutonics  flow  (Reference  4,  5,  6). 


found  free 


the  Reynolds  nunbers  presented  in  Figure  1.6,  2.8  and  3.8  were 

i 

M  -  <v  ^(T‘  )°'7 

"  fit  Ul\-n.J 


where  on  exponential  viscosity  -  teaperature  relation 


=  (Ji-j 

M-t  It  i  / 


was  aassmad 
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Si®  data  for  these  nmi  vara  obtain  ad  froai  Bafaraaoa  1  through 
Esfcrsaca  6  or  were  oomputed  fbr  high  Mach  number-deflection  angla  pen 
hlcationa  when  they  vara  sot  tabula  tad. 
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3*2  yijooaa  nw  Parameter*  ay  The  Reference  T— ncratura  Method 

Si©  cnmi  pretasted  is  this  Motion  ora  primarily  for  qm  with 
tha  rafsreoc®  temperature  mathod  of  calculating  haat  tranafar  and  aids 
friction.  Figure*  4.1  -  4*7  in elude*  local  and  moan  inocatpraasibla  flew 
akin  friction  ooaffiolanta  for  laminar,  tranaltlon  and  turbulent  flov  v». 

Rayaolds  xnaber  (Reference  7)j  reform ee  temperature  ratio  T’/T  va. 

Mach  number j  and  wf'«M  temperature  (T*  }*•"  va.  T*.  90r  uee  Is  the 
bant  bmlanoa  aqtu*  -  the  imheraert  (raoo vary)  teaparature  rlaa  ATg  in  given 
versue  velocity.  Tha  thaoretioal  laarlnary  boundary  lt/er  stability  curve 
(Reference  8)  la  ahom  In  Figure  4.5  to  lndloete  tha  typa  of  boundary  layer 
flow  which  might  be  expected  far  various  d,  T*/T  and  Be  combinations. 

Figure  a  A  *6  and  4*7  preient  tha  gAfli-lt>8  variation  of  Op  vith  T  and  varia¬ 
tion  of  jLt-  with  T  aa  given  by  tha  Sutherland  viscosity  rola.  I 

Tha  raferanea  temperature  mathod  and  lta  aoeoelatad  equations 
will  ba  presented  balov  la  outline  form.  1  complete  derivation  'of  theam  equation  a  j 
may  ba  found  in  Beferense  9.  which  also  contain  a  a  aritical  aralnation  of  the 
mathod*  Tha  concept  of  an  "effective  length",  neadad  for  tha  application  of 
this  mathod  to  bodies  other  than  flat  platea,  is  discussed  by  Slaff  (Reference 
10)  and  Ebmlg  (Reference  11).  Therefor#  the  following  a  action*  are  primarily  • 
on  tho  uaa  of  the  method  in  obtaining  the  heat  transfer  and  akin  friction. 

Tha  reference  tamiuiratnra  mathod  la  baaad  on  tha  eaaaaqptlon  that  tha  ! 
nee  of  a  characteristic  temperature  in  tha  oomprassibla  equations  for  drag 
and  haat  tranafar  vill  eliminate  their  outward  dependence  on  temperature  and  j 

"a oh  number,  l.a.,  oonvart  them  to  the  incompressible,  constant-property  aquation. 
Under  this  assumption  tha  T*  method  ia  thus  -described'?  aa*  if  all  temperature-  > 
dependant  propartiai  in  the  Incompressible  equations  for  heat  tranafar  and  ; 

dreg  are  baaed  on  tha  rafarenoa  temperature  T*  then  tha  Incompressible  equation# 
will  yield  the  oomp~'rritli  friction  or  haat  tranafar  eoaf fieianta .  Use  of 
this  mathod  therefore  obviates  solving  the  compressible  laminar  and  turbulent 
voundary  layer  equations.  The  aquations  for  tha  reference  temperature  are  ! 


i 

i 

I 

i 


where  tha  ratio  T'/tx>  may  ba  found  In  figure  4*2  ve.  Uadi  number  for  Integral 
values  of  1  t  Ty/t*  -  *9*  l1)  valid  for  both  laminar  and 

turbulent  flov. 
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i 
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i 

1 

! 
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r '  =  7«»  [oaz.  +  o.oszmI  +  0.53  ,  m<s.s 

t'  -  loo  Lo.?o  -r  o.ozsm*  +  ase'&-]>  M*s.$ 
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3^.1  Basic  Stations  fcr  Twa-PlBeasiosiil  Flow 

The  compressible  akin  friction  may  be  obtained  either  at  the 
ratio  of  ©sspressible  to  incompressible,  £4  c  ,  or  explicitly  u  * 

function  of  the  Reynolds  amtaber  based  on  T* .  For  practical  considerations 
explicit  relationships  vlll  be  developed  first  for  the  local  and  mean  com¬ 
pressible  friction. 

Assists  all  air  properties  in  the  Incompressible  drag  equations 
are  based  on  f  so  that  according  to  the  assumption  staved  in  3*2# 

(compressible )  4: a  2  ^  —  (incompressible),^/ 

the  prlsae  denote  thafair  properties  are  based  on  T' . 


or 


trains  the  perfect  gas  aquation  at  constant  pressure. 


/C$ »  ~  ~~ 


(2) 


where  sCf;  is  given  either  by  the  Blsslua  formula 

0.664- 


LAiAMAL  jCjft  - 


»  S*-' 


(3) 


or  the  Kar&an  equation 


*-«fe 


.  rr5  jo'cii*  / 

T^BOlSNT  fef  ]  =  47+4/5/^^— 


(4) 


fhCBO  lan-iwBT  sod  turbulent  lncospressible  friction  ooeffloienta  (Sq*  3*4) 
are  plotted  in  Figure  4*1  varans  Reynolds  number*  The  Reynolds  number  to  be 
used  with  lq»  (3)  *  (4)  and  hanee  in  evaluating  lq.  (2)  is  a  function  of 
The  expression  for  fSe.yt  is  given  as 


-  /°'U& 
M.* 
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ox's  Uffllag  the  pove?  lsv  for  Tlaooalty,  M.  oc(T)  usd  using  s&blsat  condi¬ 
tion  o  eo  *  rofermce,  / 

^  <*> 

if  tho  perfect  g £fl  law  la  used  and  sta  level  (T  ■  518 U°R)  condition*  art 
used  in  the  potrer  lev, 

_ _ _  $ 

&r.-  IZ-4**!04  *f-py7  (6) 

Thus  It  1*  only  necessary  to  enter  Figure  4.1  vlth  &-t'  ,  confuted  by 
Eq.  (5)  or  *3.  (6),  locate  the  desired  /Cf£  '  *®d  compute ✓tEf  «*>  by  Eq.  (2). 
For  oonreoltaod  In  computing  Bt-y-'  t  the  function  (T*)1"”  1*  plotted 
versus  ?*  In  Figure  4*3* 

Hie  naen  akin  friction  coeffldente  may  be  obtained  In  such 
the  sase  vay  from  the  drag  equation.  Fbr  both  laainar  and  turbulent  flow 

O-  =  yr  Cr-  |  W 

uhere  C/r-  la  given  by  the  Blasiue  formula 

LAWHQZ  Cp !  r  (8) 

]f &-T1 

a^d  the  Prundtl-Sch lioting  equation 


TVZ&ulENT  Ce!  -  - 


Sqa .  (8)  and  (9)  CTO  also  plotted  verso*  Reynolds  nunber  In  Figure  4.1." 
The  sane  procedure  la  used  In  evaluating  the  scan  coefficient  as  was  used 
for  the  local. 

The  compressible  heat  transfer  rate  can  be  obtained  from 
the  definition  of  the  heat  equation 


Q  sJL.(Tt-Twi 
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^lS?e  tha  htstt  transfer  coefficient  is  defined  as 

M  I  0 

JL  = 


A 


(ID 


If  tfe®  air  proportion  in  X  are  baaed  on  V  and  the  following  incompressible 
relationships  for  Jhisoelt  number  are  used. 


end 


tAMMAe  A /om  =  O'  3321 
Tue&uLiur  A/it'o-z  O.OZK  (Gl^)*6 


(12) 

(13) 

than  after  considerable  algebraic  manipulation  tha  following  heat  transfer 
equations  are  found 


u*h*»wL  ^  -  0.  rxj~]4-  [P*  Oto 

L  JL  J 

AS 

Tv*6olo*t  Jf  -  O.OZ4JO  f  A>  Uto) 

j  -£  A£  (T‘)m-Sl 

c.g 

(14) 


(15) 


It  was  a b  rased  in  Sq.  (U)  and  (L$  that  the  air  proper  tiea  varied  in  tha  follow¬ 
ing  way 


~r-  JO-1  0  ,  -r- 

=/Z  1  ,  i.  -  Z  ) 


I*  * 

Pr^fi. 7z  f  p-f>er 


(15a) 


B»e  validity  of  Sq .  &0  in  particular  and  the  exponents  in  the  power  laws  were 
substantiated  in  the  investigations  of  Refer enoe  (9).  It  was  found  that 
thaso  heat  transfer  equations  are  correct  as  long  as  ths  boundary  layer  air 
is  not  dissociated*  . 

Curves  of  A  T*  “  Tj.  -  T}_  ,  where  is  the  free  streon 
static  temperature ,  are  plotted  versus  free  stream  velocity  in  figure  - 
4.4  c  for  use  in  eq.  (10). 

# 

Thus  to  compute  the  compressible  laminar  or  turbulent  heat, 
it  is  only  nsoessary  to  find  the  reference  temperature  and  solve  eq.  (Li)  or 
(15).  Those  values  of  Jk.  are  used  along  with  the  temperatures  obtained 
frea  figure  4.4a  -  4 »4e  in  eq.  (10)  to  find  the  beat  rate  <5  • 


llll^ 


V 
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flfB-Piaeaalossl  Flov  With  flUggajAffiUil 

Bie  equations  (1)  -  (15)  written  above  apply  la  strict 
S53GQ  only  to  flat  plats  flov.  lay  condition  which  would  toad  to  t*»v+ 
tha  external  flow  diacohtiauous  at  a  point,  such  as  transition  fron  laaln&r 
to  turbulent  flow,  or  passing  through  a  shockwave  or  sxpaasion,  rsadsra  ths 
equations  lna.ppliea.bls  • 
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In  order  to  us#  #q.  (1)  -  (15)  it  la  necessary,  therefore, 
to  saashow  refer  ths  boundary  layer  characteristics  st  ths  point  of  dis¬ 
continuity  to  a  flat  plats  boundary  layer  with  identical  characteristics 
but  with  bo  flov  disoontisutisa.  This  can  bo  accoospliahad  by  forcing,  as 
it  were,  the  snnestvai  loss  of  the  boundary  layer  flov  to  reaaln  constant 
across  any  discontinuity.  This  noaentun-losa  method  will  give  an  effective 
starting  length  for  ths  boundary  layer  characteristics  to  the  point  of  dis¬ 
continuity. 


The  BOBsstaD  loss  equations  are  discussed  at  length  in 
Raferonca  (10)  and  (11)  and  only  &  brief  outline  of  then  are  given  here. 
If  the  noaentua  loss  through  the  boundary  layer  is  defined  as 

r 


then  across  say  point  of  discontinuity  it  is  assessed  that 


(16) 


‘fills  is  equivalent  to  stating  that . 


I 

i 


i 

i 

I 

! 

I 


i 


i 


i 

( 

■ 

I 

i 


0,%,  =  (17)  I 

where  is  the  boundary  layer  noneatua  thickness  and  £  ths  streaa  dynaalo 
pressure.  The  lsninar  or  turbulent  equations  for  &-  Alov  (17)  to  be 
solved  for  ,  the  effective  starting  length.  For  coavenlenoe  In  -  j 

noosnolature  is  designated  as  JL  1  hereafter. 

i 

Therefore  let  | 


L3Z8 


Vi 


(18) 


run*#  eta— ^ 
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’s&sea  J.  iaihe  length  along  the  body  to'  the  point  of  discontinuity.  The 
turbulent  expression  for  1*  based  on  the  l/7th  power  lav  for  Telocity. 
It  io  adequate  for  5  x  1CP  £  6.  E  10' .  The  none  exact  solution  (Eq .  (9) ) 
uculd  not  be  eswnable  for  computation  ef  J2.  *  .  These  equations  giving  £?*  oan 
bo  clstpllflsd  by  eating  the  sane  assumptions  used  in  the  heat  equations  (14) 
ad  (15)  In  the  akla  friction  derimtion  to  get 


ms®*"  n%u®r 

Eabatifcnfclna  of  (3$  Into  (18)  and  (19)  and  use  of  Eq.  (15a)  gives 


s  O.  00371,5 


i(Zo),’7J\T'J 


<3-.*  oooee*z  [ 


These  equations  can  than  be  used  In  (17)  to  obtain  JL  . 

TVs  types  of  flow  discontinuities  can  be  encountered  in  two 
dimensional  flow.  These  are  (a)  transition  fixe  laminar  to  turbulent  flov 
and  (b)  shockwave  or  an  expansion.  The  agnations  for  -£ '  for  oeabinationa  of 
these  cases  are  obtained  froa  Eq.  (17)  -  (22)  and  are  saamarlsad  in  the 
following  table  for  flov  on  an  infinite  double -wedge  airfoil,  &  typical  tvo- 
dlaenslonal  body. 


ARAt-YkutJ 

PREPARED  by 

CHECKED  OY 
REVISED  DY 


consolidated  vultee  aircraft  corporation  page  10 

IAN  01*00  DIVISION  REPORT  NO.  1-Atlnc-103 

-  MODEL  7  • 

date  15  Deo.  1954 


FL  CMO016M 


D/SCOMTitJU/TY 

transition 

*r  «  i  ? 


:  •  /  /  / 

:////. 


Pi.  * 


Pn  Ut 


Tea  following  effective  starting  lengths  era  given  to  the  points  P  of 
Intercut 


-^375  ___  ^  0-6ZS 


4=  m  *  o.46S6[h2L,JJ  (or) 


^=*>,(3^4)^  r  (%)•** 


3  '^3 


r°*  -4' 


.<>625 


,-^37.5 


7SP0  A'  =  TP0  -t  (J?l -hPcT)  ■  0.4CX [t^-j  (a,) 

Sq«  (23)  -  (26)  bet  then  be  need  to  ervaluete  the  £.'  ,  which  in  tom  can  be 
need  In  Bq.  (2)  -  (15)  alone  with  local  conditions  to  evaluate  the  desired 
coefficients.  Since  Bq.  (1)  is  Independent  of  length  this  aethod  does  not 
involve  iteration; - 
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„  vsln®*  th«  boundary  layer  it  Any  point  on  a  con*  la  Kuch 
tliisasrr  than  the  boundary  layar  of  a  flat  plat*  which  has  otherwise  th* 
caso  boundary  layer  characteristics  as  th*  con*,  th*  |q.  (2)  -  <15)  do  not 
apply  to  eonioal  flow  tales*  *»•  correction  la  aada  in  order  to  correlate 
tha  boundary  lay ar  thlafewaasa.  ftlB  oorreetion  ou  b*  made  by  working 
directly  with  th*  three-dimensional  boundary  layer  equation*  in  the  laminar 
ease.  Ba&tsacho  and  Vatdt  (Reference  12)  found  that  th*  conical  equations 
transformed  directly  into  th*  two  dlaenslonal  equations  if  the  factor  1/3 
ware  Inserted  In  th*  eon*  length .  Therefor*,  for  fi*v.  If 


LAV  IN  AST.  X  ,  =  -~J.  (27) 

XoMf  3  NAT  PLATE  '  ' 

that-  Sq.  (2)  -  (15)  (vith  alight  modification  In  th*  mean  friction  coefficient) 
can  ba  acad.  Tan  Driest  (Reference  13)  mad*  th*  same  type  of  investigation 
of  th*  three-dimensional  turbulent  equations  and  found  that  the  effective 
starting  length  for  a  con*  in  fully  turbulent  flow  is 

TVtBUl.ENT  £  _  as  X  £  (28) 

^03/ttP  2  FLAT  HATE  '  7 

Saassariesd  b*low,  for  oonv*ni*no»f  are  *q.  (2)  -  (15)  for  coniorl  flow.  Th*  bAjt 

need  to  th*  actual  cone  watted  length. 

IS 

l**l*ar  =  4.14-7  Kit)*  £s.J±£  (29) 

T  (T'J'-7 


Local  akin 


turbulent  =  6  zZajO*  BsJLL. 

~7  (T,y.  7 

friction  (unchanged) 

Bern  laminar  =  ^3  cai  6V  j 

r*f«rr*d  to  base  area  of  04ns 

**«a  turbulent  /.OZ.  eA&v 

referred  to  baa*  are*  of  cone 

(using  th*  1/5  or  1/7  power  law  far 
gives  identical  results) 

0.01UI  ^ 

lnminnr  Jl  - 


(33) 
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end  turbulent  J  s,  ih. !*il 


«.  8 


(34) 


Sq.  (29)  -  (%)  are  then  solved  In  the  was  manner  as  tha  equations  (2)  -  (15) 
for  two  diaanaicaal  flov.  — 

3^4  ftggj...Mmiaaal  Flow  vlth  Pitaontianltlaa 

Bie  constant  KmentuB-loBr  nothod  of  section  3  JLJZ  can  be 
applied  to  the  ease  of  three -dimensional  flow.  She  only  changes  which  need 
bs  sado  are  in  the  equations  for  the  nczsnttza  thickness  whei'a  the  factors 
1/3  and  1/2.  Bust  bt  insirtad  In  th6  IsbJjmlt  and  turbulent  ^  9  respectively  e 
Kaddng  this  change  we  have 


UMINAE 


<S  =  a.CDZ174l 

^CCAJf 


(t±_\  /ZL 

t(T.y 7  vr. 


(35) 


-0-Z. 


WBULVJr  6.003S5S(&£^)  (7jt) 


oat  ^  0,0  ] 


(36) 


Eiia 00  equations  are  used  in  En.  (17)  to  find  JL '  ,  the  effective  length, 
vfaich  la  then  used  In  Sq.  (2)  -  (15)  to  obtain  fir lotion  and  beat  transfer. 

Bt*  typis  of  dlscontlxmltiea  usually  encountered  in  conical 
flov  would  b*  foiled,  say,  on  a  eon e-cy Under.  The  equations  for  various 
starting  lengths  found-',  from  Sq.  (17),  (35)  and  (36)  are  susnarlsed  for 
that  body  In  the  following  tablet 


flow  oei&itj 
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=  * OAlaLor)  fe" ] 


,‘0-37£ 


ftrPn  : 


Je'=  SPB  +  0.S143S(M^  S^)^^5  (38) 


Pc:  Ml  -  SPC  +■  6-57735  Ot  £./Ut\*(]i'\ 

^  s  h  \Ui)  \-j -/ j 


ar  &  : 


—  -0-6Z5 , 


4/  -  rs  -y-  * 


r  I  — *  « ^ 

/A* 


-a.37S 


to  to  uaad  la  9q .  (2)  -  (13)  to  find  tha  friction  and  boat  tranafar. 

la  Motion  3*2*4  tha  flow  on  tha  aylladar  portion  of  tha 
body  Inwaatipatad  vu  aaataaad  to  ba  at  conataat  praaaura  in  ordar  to  obtain 
tha  aiapla  aquatixraa  (3B),  (39)  and.  (40).  for  tha  easa  vhara  a  atraanviaa 
gradiaat  la  to  ba  eonaidarad  tha  body  moat  ba  brokaa  into  —all  aagaaota  of 
oonataat  flew  proport laa.  If  thia  la  dona  than  tha  aquations  (17),  (21) 
and  (22)  oas  ba  applitd  to  aaeh  a  act  ion  asd  aaniralant  starting  langths  can 
ba  found  for  any  point  on  tha  body*  Fbr  flow  of  auoh  a  typa  eonaidar  a 
nani-infinito  bioonrox  airfoil  brohan  Into  —all  aagaanta  of  eonatant  atraaai 
propcrtiaa  aa  ahowa  balowt 

TKMS/TMfJ  nl 

, .  + _ S'  <sr 


OglGI*} 

*~.o 


-i*  -~i. 

[J 


I  Mr— | 

\*JU 


'£i*l 


t  * » % H/A'L KilD  La V 
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this  ^rcccdtasa  caa  bo  r-cpsatcd  for  each  aegzuzzi,  i.e., 


a? 


)  l TV,  /  ft!-  M*/  V77V 


end  Id  gaseral 


(41) 


Let  transition  eeeur  at  sane  point  T  Is  aagnoat  -^i+i  at  Done  distance  j£  7- 
frcffl  the  beginning  of  the  eogpant.  Then  tho  effeotire  length  to  ?  ii 


v  0»  6  —  "I 

.JL*  r  (jL.  +  4/}  ,0*4i$u  I  l*1  ) 


,-<5.27 5 


(42) 


and  for  <127  general  turbulent  eectloc  thereafter 


i'  - 

^Aj  - 


f*  e  ®tf r  *  (^tea"©r  » 


A-*  tV  1. 


Tasso  generalised  faremlaa  for  / '  nay  then  be  used  along  with  local  condi¬ 
tion  a  to  evaluate  the  frlotica  and  heat  trasefer  at  any  point  from  tq.  (2)  . 
(15). 


b»ift  ‘a 


* 

CO.NUOS  JDATCO  VULT£.£  ASRCKAI'r  CORPORATION  maC.ii 

e.'.N  DIKS3  DIVISION  HtMOU'/  NO 

MO  DO. 
DATE 


16 

A-Atlcc-103 

? 

Dac.  1954 


,,  .0  ( 

£  collection  Lao  bssn  Kudo  of  aerrdyuonio  flow  characteristics  for  ores, 
iho  and  three  diiicnaicnsl  fayperccnia  flov.  Tho  Kach  masher  rang®  10  froa 
0  ;5-  H  c=  20,  Tha  flow  paraiaatora  are  si  era  as  functions  of  Initial  Kac±i 
irsibcr  and  deflection  angle  In  isectiona  1,  2,  3}  Figures  1.0  throu#i  J.16. 

Ufoaticns  for  eccpresaiblo  akin  friction  and  heat  transfer  using  the 
i  eforenco  tesporattro  cathod  veto  pros&ntod  fer  tvo  and  throe  dimensional 
flow,  flow  with  discontinuities  and  flow  vith  atreamwioo  gradient.  Figures 
uccaseary  In  using  the  fornrolao  are  in  section  4,  Figure  4.1  ~  4.7. 
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